Objective: Cardiac dysfunction is a well-known consequence of diabetes mellitus. This study was designed to assess whether type 1 diabetic children and adolescents with good metabolic control have early echocardiographic signs of subclinical left ventricular dysfunction and whether diabetes duration has any influence, using conventional and nonconventional echocardiographic tools.
| Clinical evaluation
Demographic data age, gender, and diabetes duration (for T1DM patients) were recorded. Anthropometry and blood pressure measurements were carried out in both patients with T1DM and controls. Weight and height were measured by calibrated weighing scale and stadiometer to the nearest kilograms and centimeters, respectively. Body mass index (kg/m²; BMI) and body surface area (m²; BSA) were both calculated with the formula of weight (kg) divided by height squared (m²) and DuBois formula, respectively. BMI Z-score was calculated according to Turkish references values. 20 Systolic blood pressure and diastolic blood pressure (SBP and DBP)
were measured using a standard mercury sphygmomanometer after 10 minutes at rest.
| Echocardiography
All echocardiographic studies were performed by one physician (T.Y) using a commercially available echocardiographic system (S5-1 probe, iE33, Philips, Andover, MA, USA) by monitoring DII derivation, in the back-to-top or left lateral decubitus position. All images were digitally stored from three cardiac cycles as standard apical four-chamber and parasternal short-axis views. 
| Conventional echocardiography and tissue Doppler imaging measurements

| Two-dimensional speckle tracking analyses
Myocardial deformation parameters (strain and strain rate) were measured using commercially available software (QLAB ver. 6.0, TMQ, Philips Medical Systems) on standard 2D grayscale LV images from standard apical four-chamber (AP4) view for longitudinal strain (LS) and standard parasternal short axis at the papillary muscle plane (SAXM) for circumferential strain (CS) and radial strain (RS). Five consecutive heartbeats synchronized to a continuous EKG were recorded with frame rate set >50 frames per second. The endocardial border was manually traced, and a region of interest was drawn to include the entire myocardium in all. The software algorithms automatically segmented the left ventricular planes into equidistant segments and then performed speckle tracking on a frame-toframe basis. Tracking quality was visually checked, corrected when needed, and accepted by the operator. Strain values of LV were assessed automatically in 13 segments and then averaged manually by the operator as mean value of each strain and presented as global longitudinal strain (GLS), global circumferential strain (GCS), and global radial strain (GRS). Because the software does not calculate the peak values of strain rate (SR) automatically, the peak SR of the peak strain and average global rate were calculated manually.
All two-dimensional speckle tracking (2DSTE) analyses were performed by the same investigator to avoid inter-observer variability. and controls were performed using two independent samples t test for normally distributed variables and by Mann-Whitney U test for non-normally distributed ones. The correlations between continuous variables were assessed with the Spearman rank correlation coefficient. Statistical significance for all analyses was assumed at P < .05.
| Statistical analysis
| RESULTS
| Clinical characteristics
The baseline clinical characteristics of the study population are summarized in Table 1 . Age, gender, weight, height, BSA, SBP, and DBP were similar in both group whereas BMI and BMI Z-score were significantly higher in diabetic population and HR was significantly higher in control group.
| Conventional and tissue Doppler echocardiography
Standard echocardiographic parameters are summarized in Table 2 .
There were no significant differences between study groups in terms of EF, SF, LVEDD, LV wall thicknesses in diastole, and LV mass index.
Mitral valve peak A-wave was significantly higher, and E/A ratio was significantly lower in patients group. TDI assessment of LV showed statically significantly lower peak lateral E m , S m, and peak septum E m waves and significantly lower septum and lateral A m waves in patients groups, whereas septum IVRT, MPI and lateral IVRT, IVCT
and MPI values were longer in diabetic group. Also the ratio of the peak early diastolic Doppler mitral velocity to peak early diastolic lateral and septal myocardial velocities (Lateral and septal E/E m ) was higher in diabetics compared to controls. Additionally septum and lateral E m/ A m ratios were significantly lower in T1DM patient.
There was a positive correlation between T1DM duration and septum IVRT, septum MPI, lateral IVRT, lateral IVCT, and lateral MPI (r:.4 P < .001, r:.95 P < .001, r:.61 P < .001, r:.62 P < .001, and r:.98 P < .001 respectively).
| Two-dimensional speckle tracking echocardiography
Global longitudinal, circumferential, and radial strain and SR values are showed in Table 3 . The patient group had statically significantly lower GLS, GCS, and GRS values compared to controls. Also global longitudinal strain rate (GLSR), global circumferential strain rate (GCSR), and global radial strain rate (GRSR) values were significantly lower in diabetic patients. Regional S and SR analysis from AP4 view showed significantly lower LS and LSR values, except apical-lateral segment SR, in the all of segments (basal anterolateral, basal interventricular septal, mid-anterolateral, mid-interventricular septal, apical interventricular septal, and apical) of the septum and posterior free wall in the patient group compared to control group. Similarly, diabetic patients had statically significantly lower regional circumferential strain-SR and radial strain-SR, except anterior-septal and anterior-lateral CSR, at all regions of SAXM view (anterior-septal, inferior-lateral, anterior, inferior, anterior-lateral, and inferior-septal). There was a negative correlation between T1DM duration and GLS, GCS, and GRS (r:−.75 2 , and 3).
| DISCUSSION
In the present study, we have showed that T1DM is associated with subclinical LV systolic and diastolic dysfunction even if good metabolic control which can be identified as a reduction LV global longitudinal, circumferential, and radial strain and strain rate and TDI derived time interval index; LV subclinical systolic dysfunction and diastolic dysfunction appear to be related to duration of T1DM. 
F I G U R E 1 Correlation between GLS and T1DM duration F I G U R E 2 Correlation between GCS and T1DM duration F I G U R E 3 Correlation between GRS and T1DM duration
Diabetes is known to be associated with the development of heart failure even without the presence of coexisting ischemic, valvular, or hypertensive heart disease. Thus, detection of diabetic cardiomyopathy in the early stages may be important to prevent evident heart failure that may develop in the future. Previous studies about cardiac impairment in children and adolescent with T1DM had shown LV diastolic dysfunction with normal EF based on conventional and tissue Doppler echocardiography. 5, 6, 21 This diastolic dysfunction may be caused by increased deposition of advanced glycation end products and decreased cardiac tissue elasticity due to an increase in the crosslinking of proteins such as collagen and elastin. [22] [23] [24] In the current study, diabetic patients had signs of significant left ventricular filling abnormalities on conventional echocardiography and TDI, including a decrease in the peak early filling rate E m and a greater dependence on Because of myocardial fibers in the heart extend longitudinally, circumferentially and transmurally, cardiac motion and deformation occur in three dimensions. The heart rotates and repositions (circumferential), shortens and dilates in longitudinal direction, and thickens and relaxes in radial orientation during cardiac cycle. However, conventional echocardiography and TDI provide information in a single direction from a fixed transducer position. TDI is also dependent on the angle between the beam and myocardial motion. In contrast, 2DSTE has the advantage that it is accurate, reproducible, and angle independent, thus eliminating the major limitation of TDI and it enables a complete assessment of regional and global function in three directions. 26 There is a considerable number of clinical studies in adults with diabetes mellitus (type 1 and 2, or both) reporting a subclinical impairment of LV strain. [13] [14] [15] [16] 27, 28 Nakai et al. 13 Table 4 .
The mechanisms that lead to development of the diabetic cardiomyopathy are poorly understood, although they appear to be a direct result of cellular damage from the hyperglycemia. 29 4 showed correlation between LV diastolic impairment and T1DM duration in young adults using TDI.
But they found no correlation between glycemic control and diastolic function. Similarly Aaron et al. 40 demonstrated a direct correlation between the duration of diabetes and LV diastolic dysfunction in a large adult cohort. Our study TDI results showed that duration of diabetes had negative impact on the LV diastolic and systolic functions. On the other hand, all pediatric studies using 2DSTE have reported negative correlation between glycemic control and LV strains (LS, CS, and RS) but no correlation between duration of T1DM and LV strains. [17] [18] [19] In the present study, we found negative correlation between duration of T1DM and LV strains which agree with Nakai et al. study. 13 The possible explanation of subclinical LV systolic and diastolic dysfunction in T1DM patients with good metabolic control may be mild hyperglycemia which is associated with production of advanced glycation end products, cardiac collagen accumulation, and oxidative stress.
| CONCLUSIONS
The results of this study reinforce previous studies and showed that 
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